Abstract. In order to improve the manufacturing technology and machining accuracy of the barcode tape in China, the laser sculpture technology of the barcode tape is studied. The laser sculpture method of the barcode tape is designed. The influence of laser average power, laser pulse repetition frequency and galvanometer scanning speed on the ablation depth and barcode edge regularity is analyzed. The optimized parameter combination is determined by comprehensive experiment and orthogonal experiment method. The key indicators of the sculptured tape have reached the requirement of high precision barcode tape.
Introduction
Barcode staff is the carrier of the national length standard which has been widely used for precision level measurement all over the world. The quality of the barcode staff will directly affect the accuracy of the measurement results [1] .
Compared with the domestic barcode tape made by the template method, the foreign barcode tape made by the laser sculpture method has good edge regularity and short production cycle [2] .
The key technology of the laser sculpture barcode tape in foreign countries has been in a state of secrecy, and the relevant technical information is very few. The research of the laser sculpture method of barcode tape and the improvement of the precision of the tape is very meaningful, which can change the status of the production technology of barcode tape in our country.
In this paper, we study the principle of the laser sculpture of barcode tape, analyze the effect of the parameters of laser ablation on ablation depth and the regularity of the bar code edge, final, determine the optimized parameter by the test, and realize high precision ablation of barcode staff.
The Principle of Laser Sculpture
The basic theory of laser processing is that when the material is subjected to the energy concentration of the laser beam, its instantaneous power will cause the evaporation of the material. The phenomenon of high temperature gas or plasma emitted by laser irradiation is called laser thermal effect evaporation.
When the power density of the laser beam is more than the threshold value, the thermal effect will occur [3] . In general, only the pulse laser will stimulate this effect. The Eq. (1) explains the relationship between the pulse energy density of laser 0 F and the diameter of ablation D [4] :
In the expression, ω 0 is the radius of focusing spot; From the Eq. (1), the ablation diameter is proportional to the energy density. In order to guarantee the regular of the edge of the barcode tape, the energy density of the laser must be controlled within a certain range.
Generally, the laser energy required to carve the black lacquer is less than the same thickness of yellow. Known by Eq. (1), laser energy is smaller and the edge is more regular. Therefore, the tape of the barcode tape with black paint on the top, yellow paint in the bottom is first designed. For ease of laser sculpture, the layer of the surface is just 20 µm. And the thickness of the bottom layer is 60 µm, thus the exposing of the base of the tape can be avoided. Figure 1 shows the schematic diagram of the bar code tape with the laser ablation method. The invar tape with two layers of paint is fixed to the mobile platform with a certain tension. When the laser interferometer and the platform with computer controlled move to the designated position, under the high energy density pulse laser irradiation, most of the energy are absorbed by the paint layer on the surface of the invar tape. With rapidly increasing of the surface temperature of the tape, when the temperature reaches the melting point and boiling point, the paint layer is burning in an instant, and the paint layer is volatile. In the end, the bottom layer is exposed to form the bar code. In the system of the barcode tape sculpture by the laser ablation method, each bar code is accomplished by a laser scanning system. In order to make the barcode tape sculpture, the direction of the laser beam is controlled by the computer instructions, and ensure the galvanometer scanner irradiate to the working plane and move on the working plane.
The guide rail carrying with the tape is moved according to the positioning operation in the full scale range of the barcode tape. And the laser scanning system sculptures the tape according to the coding width at each positioning point. The barcode tape sculpture is accomplished through the serial combination of positioning and sculpture.
Influence Factors Analysis on the Quality of Barcode
For the high precision of invar grade rod tape, the division accuracy is the main factor which affects the accuracy. And it consists of 2 parts, the position error and the irregularity error of the division edge [5] . The position accuracy is guaranteed by interferometer measurement and mechanical control, so only the regularity between the sculpture parameter and the quality of barcode has been considered.
The surface paint layer should be ablated entirely and the bottom paint layer should be ablated as little as possible. It has a certain requirement to the ablation depth of laser sculpture. It was indicated through the experiment that the ablation depth h can be expressed as following equation:
Then the ablation depth h is proportionate to the average power P and the pulse frequency f while it is inversely proportional to the scanning speed. The ablation depth can be controlled if the proportion of the three parameters that mentioned above was appropriately controlled.
After the completion of the gasification stripping, the edge of the sculptured bar code was observed with microscope. Then the periodicity of the irregularity of edge was discovered. Through the spectrum analysis of the image edge, the fluctuation was found periodic and there is a corresponding relationship in the frequency of pulse laser and the scanning speed of laser.
The higher the pulse repetition frequent is, the more regular the edge is, as shown in figure 2. However, with higher frequency the bottom paint layer would be ablated. It is important to regulate the scanning speed and the pulse frequency of laser to ensure the regularity of the stripe edge. 
Sculpture Parameter Optimization
A more accurate tape can be sculptured by the coordination of the three parameters: the laser sculpture power, the repetitive frequency of the laser pulse, the scanning speed of the galvanometer.
The Comprehensive Experimental Method
The comprehensive experimental method can gradually narrow the parameter range. The relationship between the laser power, the scanning speed, the laser pulse frequency and the evaluation factor of the sculptured stripe was respectively determined according to the large number of experiments. And the relationship graphs are shown as figure 3:
The relationship graph between the laser power and the ablation depth (speed=200mm/s, frequency=20KHz)
The ablation depth (um)
The laser power(%) speed frequency
The irregularities of edge(um)
The influence of laser frequency and scanning speed on the edge regularity (the power of laser = 25%) Figure 3 . The comprehensive experimental data graphs.
As the figure 3 has showed, the parameter range that the sculpture can be made:
The laser sculpture power (%): 20~30; The scanning speed of galvanometer (mm/s): 180~240; The laser pulse frequency (KHz): 20~35; Within the range of the sculpture parameter, the entire stripping of the surface paint layer can be guaranteed while the irregularity of the sculptured barcode edge can be less than 10 µm.
Orthogonal Test
Orthogonal test utilize orthogonal table to organize and analyze the test of multiple factors [6] .
The test consists of 3 test factors, the average laser power, the scanning speed of the galvanometer, and the repetition frequency. They are respectively denoted by A, B, C. Each factor requires 4 levels to take orthogonal test of 3 factors. The factor levels are shown as Table 1 . This test selects orthogonal test which consists of 16 columns, 3 factors and 4 levels, and the scheme precisely designed this test based on the comprehensive experiment. The result of orthogonal experiment was obtained through the data measurement of the irregularity on the sculptured barcode edge and it is shown as table 2. On the basis of variance analysis on orthogonal test results, the optimized parameter combinations have been determined: the laser power P = 24%, the scanning speed V = 200 mm/s, the repetition frequency of laser pulse f = 20 KHz. When in practical sculpture, the parameters should be modified within a limited range according to the disparate states of spray paint on the invar barcode tape.
The Result and the Analysis on the Tape Sculpture
According to the optimized parameter combinations, some tapes were sculptured with the actual codes. The requirements on the experimental results and the design indicators of the Zeiss encoded tape are shown as table 3. The division standard deviation of the barcode center /um 3.7 2.5 13 5
The irregularity of edge 1 /um 2.9 3.0 △=20 △=10 The irregularity of edge 2 /um 4.2 2.6 △=20 △=10 Depict time (min/m) 50 50 --
The experimental result of Zeiss encoded tapes indicates that all the indicators of the encoded tapes have met the design qualification with a high efficiency in practical sculpture. Meanwhile, it has realized the high efficiency and the accurate sculpture of the barcode.
Some tapes were tested in the metrological verification station of Second Monitoring Center, China Earthquake Administration and the surveying & mapping instrument maintenance center of the School of Surveying and mapping, The PLA Information Engineering University. The division standard deviation of the barcode center is less than 4 µm, and the barcode edge irregularity is less than 5 µm. The key indicators of the sculptured tape have reached the requirement of high precision barcode tape.
Conclusions
Through the analysis on the principle of laser ablation, the spray paint on the invar tape that was design in the method that the black paint is painted on the top while the yellow paint is painted on the bottom, and edge regularity is good. And barcode tape of the laser sculpture is designed in the method that the positioning operation of the invar tape, to sculpture in highly accuracy with the laser sculpture machine of the pulse optical fiber and the galvanometer scanning system. Through the analysis on the influence between the laser sculpture parameter (laser power, scanning speed, pulse frequency) and the sculpture depth and the edge regularity, the parameter range of the laser sculpture was determined. With the comprehensive experimental method the optimized parameter of laser sculpture was selected within this range. Some tapes were experimentally sculptured, and the sculptured tapes have reached the requirement of high precision barcode tape. The method and the system of the laser sculptured barcode tapes have been successfully applied into a large-scale production by Zhengzhou Draper Surveying Instrument Company Limited.
